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Rogovyi A. S.!, Neskorozhenyi A. 0.
'Kharkiv National Automobile and Highway University

Abstract. Problem. Perturbation of the flow by measuring instruments forces researchers to choose
optical research methods. But these methods significantly increase the cost of experimental research,
due to the high cost of optical-type measuring equipment. On the other hand, using contact methods
for measuring the flow velocity, such as Pitot tubes, hot-wire anemometers, the researcher must be
sure that the measurement results can really be compared with the calculations results and the
equipment influence on the flow parameters is minimal. The aim of this work is to study the measuring
tool influence on the flow characteristics in the swirl chamber pump, as well as to compare the results
obtained due to the measurements with the parameters of the undisturbed flow. The research
methodology consisted of two stages: 1) modeling the flow in the model pump; 2) comparison of flow
characteristics, as well as the values of velocity and pressure at the points of installation of the
measuring tool. Results. Although the total velocity at the measuring point is practically independent
of the measuring tool, the tangential component of the velocity is significantly reduced. It indicates
that there is a significant error in velocity measuring. For a more accurate rotational velocity
component measurement, it is necessary to orient the instrument perpendicular to the measured
component. Scientific novelty. Installing the measuring tool in the end cover of the swirl chamber
reduces the flow rate sucked by the pump through the lower axial channel. The size of the tool has
practically no effect on the energy characteristics of the swirl chamber pump. Practical value. To
ensure measurement accuracy, the ratio of the swirl chamber dimensions and the tool should be
ensured in the way that the relative diameter of the tool does not exceed 0.25 of the swirl chamber
neck diameter.

Key words: swirl chamber pump, velocity measurement, instrument, numerical simulation, flow
patterns.

Introduction

Today, aerohydromechanics is developing in
three main directions: theoretical, experimental
and computational. Each of the three directions
has its own characteristics and is used by almost
all researchers in solving any problems of fluid
dynamics [1]. Often, all three directions are
closely intertwined due to the need for experi-
mental verification of both theoretical and com-
putational results. However, during experi-
mental research, the problem often arises of the
influence of measuring equipment on the object
of measurement, in particular, on the flow of
liquid or gas in closed or open spaces [2].

Perturbation of the flow by measuring in-
struments forces researchers to choose optical
research methods [3]. But, these methods signif-
icantly increase the cost of experimental re-
search, due to the high cost of optical-type
measuring equipment. On the other hand, using
contact methods for measuring the flow veloci-
ty, such as Pitot tubes, hot-wire anemometers,

the researcher must be sure that the measure-
ment results can really be compared with the
calculated results and the influence of the
equipment on the flow parameters is minimal.

Analysis of publications

A fairly large number of papers are devoted
to the study of the techniques of the
aerohydromechanical experiments [3-6]. Typi-
cally, these techniques do not take into account
the influence of the instrument, considering it
insignificant, or such that distortion cannot be
avoided. On the other hand, it is obvious that the
influence of the tool depends on the nature of
the fluid flow. In rectilinear flows, the problem
of flow around cylindrical and spherical bodies
was solved in many papers [7-9] numerically,
analytically and experimentally. Researchers
concluded about a significant possible impact of
the tool on the flow kinematic characteristics.
However, the influence of the measuring equip-
ment on the integral characteristics, such as
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pressure loss can be quite easily calculated
based on the determination of the loss coeffi-
cient at local resistances [10].

Energy losses, as well as the flow around
cylinders in curvilinear flows similar to flows in
vortex chamber pumps [11], are devoted to an
extremely small number of studies. Vortex
chamber pumps (VCP) are pumps in which the
working process is implemented on the basis of
a combination of the centrifugal and direct-flow
jet pumps working processes [12]. Jet pumps
have low pumping energy efficiency, which
prompts the search for ways to improve the effi-
ciency of jet technology [13] by looking for
possible combinations of working processes and
the use of centrifugal force [14].

The hydrodynamic patterns of flow in VCP
research is an urgent problem due to the fact that
VCP has higher indicators of the efficiency of
pumping bulk materials in comparison with
direct-flow jet pumps [15] and significantly
higher indicators of reliability and durability in
comparison with centrifugal pumps [16].

Purpose and objective

The aim of this work is to study the measur-
ing tool influence on the flow characteristics in
the vortex chamber pump, as well as to compare
the results obtained as a result of measurements
with the parameters of the undisturbed flow.
Predicting a possible experimental error will make
it possible to correctly select the vortex chamber
size of the pump for experimental studies.

Influence of the velocity measuring
instrument on the vortex chamber pump
performance

VCP belongs to the jet-type pumps and has
all the main advantages of jet technology: high
reliability and durability, the ability to pump
almost any mediums. The increased pump effi-
ciency, in comparison with direct-flow jet
pumps, is realized through the use of centrifugal
force. Thus, the positive properties of centrifu-
gal and jet pumps are used. The use of centrifu-
gal force leads to the creation of a vacuum near
the rotation axis of the flow in the vortex cham-
ber and an increased gauge pressure at the pe-
riphery of the chamber.

Generally speaking, there are two different
designs of VCP, realizing two different working
processes: the discharge of the medium through
the axial drainage channel and the suction of the
pumped flows through the two axial channels. In
this paper, a VCP with a second working pro-
cess is considered. Although, the features of the

measuring tool influence on the flow in the VCP
are expected to be approximately the same. It is
assumed that the conclusions drawn regarding
the size ratio of the measuring tool and the vor-
tex chamber size or axial channel sizes will not
depend on what kind of work process is imple-
mented by the VCP. The design features and
characteristics of the pump can be found in [11,
12, 14-17].

The research methodology consisted of two
stages: 1) modeling the flow in the model pump;
2) comparison of flow characteristics, as well as
values of velocity and pressure at the points of
installation of the measuring tool.

Mathematical modeling of the flow is based
on CFD (computational fluid dynamics) simula-
tions. The mathematical model consisted of the
Reynolds-averaged  Navier-Stokes (RANS)
equations, the continuity equation and the SST
(Shear Stress Transport) turbulence equations.
The mathematical model is not presented in this
paper, but it can be found in [11, 16, 18]. Errors
in determining the vacuum arising near the axis
of rotation are minimized by applying a correc-
tion of streamline curvature and system rotation
[18-20].

To calculate the mathematical model, the
OpenFoam software package was used [21].

The verification of the software package, the
mathematical model of the flow in the VCP, was
carried out in [11, 16] based on a comparison of
the simulation results with experimental data.

The calculations were carried out in station-
ary and non-stationary formulations.
The Courant-Friedrichs-Levy number was set at
no more than 0.5. The method of control vol-
umes and PISO-algorithm (Pressure Implicit
with Splitting of Operators) and numerical
schemes of the second order were used.
The calculation ended when the residuals of the

equations reached the values 10~°. The second
necessary condition for the completion of the
calculation is the constancy of the flow rate over
iterations or over time. The criterion for the
constancy of the flow rate was chosen as 1 %.
The mesh was used unstructured, built on the
basis of tetragonal and prismatic elements near
solid walls. Determination of the minimum suf-
ficient grid was carried out on the basis of com-
paring the results with four different grids: 1, 3,
6 and 12 million elements. Since the integral
calculation results on grids starting with 3 mil-
lion elements differed by no more than 1 %,
it was decided to use grids with 3 million ele-

ments for all calculations. The value y* was
controlled not exceeding 4 [22].
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Fig. 1. Calculated solid (a, b) and grid (c, d)
models

Boundary conditions: inlet channel — total
pressure; two axial channels — open boundary
with zero relative static pressure; outlet chan-
nel — zero relative static pressure; solid walls —
no slip wall; an inlet channel simulating a meas-
uring tool is an open boundary with an average

static pressure equal to the pressure inside the
vortex chamber, which was selected during the
calculation. The fluid is water with a density of
997 kg/m®.

Fig. 1 shows the design scheme of the VCP
in the form of a solid model for calculations, as
well as the mesh and features of mesh refine-
ment near the introduction of the measuring tool
in the end cover of the pump.

The measuring tool was installed in the
meridional plane in the hole in the end cover of
the pump at a distance of half the radius of the
vortex chamber. The influence of the tool rela-
tive size on characteristics, flow patterns and
values of velocity and pressure at the measure-
ment point was investigated. The tool diameter
was related to the diameter of the vortex cham-
ber throat.

The turbulence intensity is set at 5 %, ac-
cording to [23]. The value of the total inlet pres-
sure was set so as to guarantee turbulent flow
regimes with Reynolds numbers in the range

Re=10°.10".

Fig. 2. Velocity distribution in the horizontal
plane, drawn at a distance of 0.5 of the vor-
tex chamber throat diameter: a — without

tools; b — with tool d =1.0
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Investigated relative instrument  sizes:
d =1.0; 0.75; 0.5; 0.25; 0.125. Obviously, the

largest of the considered tool sizes will have the
greatest impact on performance indices of the
pump. Therefore, Fig. 2-4 show a comparison of
flow patterns in a pump with and without a tool
in different planes.

The distribution of velocities in the vortex
chamber is typical for the flow around a circular
cylinder (Fig. 2b).

The installation of the measuring tool in the
end cover of the vortex chamber leads to a de-
crease in the flow rate sucked by the pump
through the lower axial channel (Fig. 3b). In
addition, vortex crushing is noticeable at the top
end cap, which leads to a slight decrease in a
vacuum near the axis.

Fig. 3. Velocity distribution in the meridian
plane: a — without tools; b — with tool d =1.0

Fig. 4 shows the change in the main energy
parameters of the pump depending on the rela-
tive diameter of the measuring tool. In addition,
the measured velocity and pressure values were
plotted on the graph. It can be seen that almost
all indicators remain unchanged, and a decrease
in pressure is observed at the measurement point
of the order of 10 %. Analyzing the graph, one
can conclude that the size of the instrument has
practically no effect on the energy characteris-
tics of the VCP. To ensure the measurement
accuracy, the ratio of the vortex chamber dimen-

sions and the tool should be ensured so that the
relative diameter of the tool does not exceed 0.25
of the vortex chamber throat diameter.

The VCP operation parameters shown in
fig. 4: v is the relative velocity at the point of
measurement; p is the relative pressure at the

point of measurement; 7 is the relative efficien-
cy of the pump; (Qin /QS) is the relative coeffi-

cient of flow (ejection) of the pump [24]. All
parameters are referred to the parameters of the
pump without a measuring tool.
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Fig. 4. Dependence of VCP performance indica-
tors on the relative size of the measuring tool

The only parameter influenced by the meas-
uring tool is the tangential velocity component
at the measuring point. Obviously, this is due to
the fact that fluid in the measuring channel does
not have time to reach the tangential velocity of
the main liquid in the vortex chamber. The val-
ues of the relative tangential velocity component
are summarized in table 1.

Table 1 — The relative tangential velocity compo-
nent at the measurement point

d 0.125 | 0.25 0.5 0.75 1.0
Vv, 0.24 0.24 0.24 0.16 | 0.16

Analyzing fig. 4 and table 1 it can be seen
that, although the velocity at the measuring
point is practically independent of the measuring
tool, the tangential component of the velocity is
significantly reduced. This indicates that there is
a significant error in measuring the velocity. For
a more accurate measurement of the tangential
velocity component, it is necessary to orient the
instrument perpendicular to the measured com-
ponent.

Conclusion
On the basis of numerical simulation of the
flow in a vortex chamber pump, the measuring
tool influence on the flow characteristics was
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investigated, and the results were compared with
the results of the undisturbed flow parameters
measurements.

1. The distribution of velocities in the vor-
tex chamber is typical for the flow around a
circular cylinder.

2. The installation of the measuring tool in
the end cover of the vortex chamber leads to a
decrease in the flow rate sucked by the pump
through the lower axial channel.

3. The size of the instrument has practically
no effect on the energy characteristics of the
VCP. To ensure the measurement accuracy, the
ratio of the vortex chamber dimensions and the
tool should be ensured so that the relative diame-
ter of the tool does not exceed 0.25 of the vortex
chamber throat diameter.
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Bniime  BHMIpOBaJbLHOrO  iHCTPyMeHTY  Ha
XapAKTEPUCTHUKH Tedii Yy BHXOPOKAMEPHOMY
Hacoci

Anomauyia. Ilpoonema. 36y0oicenns nomoxy eumi-
PIOBANBHUMY NPUNAOAMU CIAE RPUYUHOIO MO0, WO
8UeHi BUOUPAOMb ONMUYHI MemoOu OOCTIONHCEHHS.
Ane yi memoou 3HAYHO 30LIBUIYIOMb 8APMICMb eKC-

NEPUMEHMANTbHUX  O0CHIOHNCeHb BHACHIOOK BUCOKOT

8apmocmi 8UMIPIOBANbHOI anapamypu Onmui4Ho20
muny. 3 iHWo2o 60Ky, BUKOPUCTIOBYIOUU KOHMAKMHI
CnocooOU BUMIPIOBAHHSL WBUOKOCMI NHOMOKY, 30KpeMd
mpyoxu Ilimo, mepmoanemomempu, 0OCHIOHUK HO-
suHeH Oymu 6neeHeHUull 6 MOMy, Wo pe3yIbmamu
BUMIDIOBAHHS OIUCHO MOJICHA NOPIGHIOGAMU 3 pe-
3ynbmamamy po3paxyHKie i 6naue anapamypu Ha
napamempu meuii € minimaroHum. Memoro pobomu
€ 00CNIOJCEHHs 6NIUBY BUMIPIOBATILHO20 THCMPYMe-
HMY HA XApaKmepucmuku meuii 6 SUXOpPOKAMEPHUX
HAcocax, a makodc NOPIBHAHHA pe3yIbmamis, AKi
oynu ompumani nio uac eumipie, 3 napamempamu
He30ypeno2o nomoky. Memooonozia 0ocriddicens
ckaaoanacs 3 080x emanig: 1) mooeniosanns meuii 6
MOOENbHOMY HACOCI; 2) NOPIGHAHHA XAPAKIMEPUCTNUK

meuii, a Maxkodc 3HaveHb WEUOKOCMi ma MUCKy 6
MOoYKax 6CMAHOENEHHS BUMIPIOBANILHO20 [HCMpYMe-
umy. Pezynemamu. Hessaoicarouu na me, wo nosna
WEUOKICmMb Yy Mouyi SUMIPIOBAHHS. NPAKMUYHO He
3aneAHCUMb 6I0 GUMIPIOBAILHO20 THCMpPYMenmy, obe-
PMAnbHA KOMNOHEHMA WEUOKOCI 3HAYHO 3HUCY-
emvcs. Omoice, Has6HA Cymmesa NoxXubKa eumipio-
8anHA weuokocmi. /[na 6invul mouHo20 8UMIPIOBAHHS
0bepmanvHoi KOMNOHEHMU WEUOKOCMI HeobXiOHo
opienmygamu IHCmMpYMeHm NepneHOUKVIAPHO BUMI-
prosaniu komnonenmi. Haykoea noeusna. Bcmanos-
JIeHHSI BUMIDIOBANLHO20 THCMPYMEHMY 6 MOopyesiil
Kpuwiyi 6UXpogoi kamepu npu3eooums 00 3MeHUeHH s
BUMPAMU, WO BCMOKMYEMbCA HACOCOM KPi3b HUIC-
Hil ocbosuti kanan. Poamip incmpymenmy matidice ne
6NIUBAEC HA eHep2eMUYHI XapaKmepuUCmuKu 6uxopo-
xkamepuux Hacocie. Ilpakmuuna winnicme. /s
3a6e3neueHHs MOYHOCMI BUMIDIOBAHH HEOOXIOHO
3abes3neuumu  CHi6BIOHOUIEHHS PO3MIDIE  8UXPOGOL
Kamepu ma iHCmMpymenmy 8 makuii cnocio, woo
BIOHOCHUU Olamemp IHCMPYMeHm) He Nnepesuly)yeds
0,25 diamempa 2opaa euxposoi kamepu.

Kniouosi cnoea: euxopoxamepnuii nacoc, 6uMipio-
BAHHS WGUOKOCMI, [HCMPYMEHM, YUceIbHe MOOenio-
6aHHA.

Poropmii Amapiii CepriiioBna’, 1.T.H, 1pod.
kadeapu TCOPETHYHOT MEXaHIKH Ta TiPaBIIiKy,

ten. +38-057-707-37-30, e-mail: asrogovoy@ukr.net,
https://orcid.org/0000-0002-6057-4845.
Heckopo:xkennii Aprem Ouseropny’, acrmipaHT
Kadeapu TeOPETHIHOI MEXaHIKH Ta TiIpaBIIiKH,

ten. +38-057-713-61-62,

e-mail: nao@m-impex.com.ua.

1XapKiBCBKHﬁ HalllOHAJIbHUHA aBTOMOOIJIBHO-
JIOPOXKHIM yHiBepcuTeT, Byl SIpocimaBa Mymporo,
25, m. Xapkis, 61002, Ykpaina.



mailto:asrogovoy@ukr.net
mailto:nao@m-impex.com.ua
https://www.scopus.com/affil/profile.uri?afid=60021801
https://www.scopus.com/affil/profile.uri?afid=60021801
mailto:asrogovoy@ukr.net

